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Abstract We investigated the effects of maternal ciga¬ 
rette smoking on pulmonary function in a cohort of children 
and adolescents observed prospectively for seven years. 
A multivariate analysis revealed that after correction for 
previous forced expiratory volume in one second (FEV t ), 
age, height, change in height, and cigarette smoking in the 
child or adolescent, maternal cigarette smoking signifi¬ 
cantly lowered the expected average annual increase in 
FEV, (P • 0.015). On the basis of this analysis, It is esti¬ 
mated that if two children have the same initial FEV,, age, 
height, increase in height, end personal cigarette-smoking 

P REVIOUS studies have suggested 1,4 that mater¬ 
nal cigarette smoking influences the level of lung 
function in children. Most of these studies 1-4 used 
analyses of cross-sectional data that left unanswered 
questions concerning the quantitative influence of ma¬ 
ternal smoking on the development of lung function in 
children over time. As pan of an ongoing study of 
childhood risk factors for the development of chronic 
obstructive airways disease, we investigued the effects 
of maternal cigarette smoking on pulmonary function 
in a cohort of children observed prospectively for 
seven years in East Boston, Mass. 

Methods 

Sanction and Screening'of Sample 

A 34 percent random umple was selected from til children five to 
nine year* oT a|e who were enrolled in the public and parochial 
schools of East Boston, Mass., in September 1974. Between January 
and June 1973, using materials provided by the Division of Lung 
Diseases, National Heart; Lung, and Blood Institute interviewers 
visited the households of the index children and enumerated all 
residents. The residents of these households, plus the index chil¬ 
dren, constituted the initial study population. Initial examination of 
the subjects was conducted in a special neighborhood clinic between 
January and June 1973. Index subjects were visited in their homes 
during the school year (September to June), tor six annual fbHbw-up 
examinations; other family members were visited in their homes 
only Cor follow-up examinations 3 through 6. Follow-up interviews 
were conducted, whenever possible, within four calendar weeks of 
the date of the previous year’s interview, usually between 2:00 pjn. 
and B.-00 p.m. For the initial and Erst two follow-up examinations, 
tw© interviewers were employed. All subsequent examinations were 
performed by only one of the two original interviewer s 
Standardised questionnaires were used to obtain a history of res¬ 
piratory symptoms and illnesses, as well as a smoking history and 
demographic data. At the initial examination and first two foUow 
«p examinations, separate questionnaires were used for subjects 
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history, but the mother of one ha$ smoked throughout the 
child’s IHe where as the mother of the other ha* not, the 
difference In the change in FEV, over time In the exposed 
child, as compared with that In the unexposed qhild, will be 
approximately 28,51, and 101 ml after one, two, and five 
years, respectively, ora reduction of I0i7,fi.5, and 7.0 per 
cent respectively, in the expected increase. These results 
suggest that passive exposure to maternal cigarette 
smoke may have important effects on the development of 
pulmonary function in children. (N Engl J Med 1983; 
309:699*703.) 

under 10 yean of age and for subjects )0 yean or older. A common 
questionnaire was used for all subjects in the third through sixth 
follow-up examination*. The questions relating to chronic respira¬ 
tory symptoms wrre proposed for lung-program epidemiology stud¬ 
ies by the Division of Lung Diseases, National Heart, Lung, and 
Blood Institute.* For children aged ID or younger, the parents an¬ 
swered all questions except those pertaining to the child's own 
smoking history; all other children a ns wtredaU questions them¬ 
selves. A smoking history was obtained directly from all children 
during pulmonary ^function testing — a time when parent* were not 
present. 

Pulmonary-Function Tasting 

Forced vital caparity was measured while the subjects were in the 
sitiing position, without nose dips, using an B-iiieT water-filled, 
portable, recording spirometer (Survey Spirometer^ Warro* Col¬ 
lins, Braintree, Mass ), which was calibrated according to a regular 
schedule. Subject* were encouraged to perform the tot until five 
sccepiable tracings had been obtained or until it became evident 
that they could not perform it adequately. For children in the pre- 
teen years, pulmonary-function tracings were considered acceptable 
if they wtre at hast four seconds in duration (all other subjects were 
encouraged to blow for at least six seconds) and if the interviewer 
thought that a maximum effort had been made. 

One-second forced expiratory volume (FEV,) and forced expira¬ 
tory flow berwrtft the 25th and 73 th per cent offorced vital capacity 
(FEFf^. 7 *) were measured by standard techniques.* When mean val¬ 
ues were used* they were calculated as the mean of the best three 
of five tracings, as recommended by the Division of Lung Diseases, 
National Heart, Lung, and Blood Institute.* All pulmonaryrfunc- 
bon measurements were corrected to body temperature and pres¬ 
sure saturated with water vapor. Each subject's standing height 
without shoes was measured to the nearest ) 3 cm. Mean function 
values were con v en ed imo per cent predicted values with the nomo¬ 
grams of Dick man ct al* for subjects less than 23 and with those of 
Ferris ct al* 10 for subjects 23 or older. 

Definitions of Cigarette Smoking 

At any given examination, subjects who were 20 or older wear 
defined as never having smoked if they had never smoked or had 
smoked no more than one cigarette per day for more than one year 
«r no more than 20 packs during their lifetime. “Current smokers* 
were defined as those who had smoked more than these amounts 
and who had been smoking within one month before the tsme of 
interview, for the initial examination, or for the endrt year before 
and including the time of the interview, for the follow-up examina¬ 
tions. Exsmokers were defined as those who Had stopped smoking 
more than one month before the interview. Subjects 19 or younger 
were considered never so have smoked if they had never smoked or 
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had smoked me move than ow bftrtttt per week, u reported at 
each examination; ocherwbc, they w*rt identified u "ever smokers* 
far that examination. 

Methods of Dots Analysis 

Per cent prediacd values far FEV, and FEF^n far aubjtcu IT 
yean or younger were divided into »a-specific five-year agt groupa 
(3 to 5,10 to 14, and 13 to 19); per cent predicted values far subjects 
aft 70 or older were divided into two sea-specific froupi. Within 
each group, subjects were ranked, and the ranks were then conven¬ 
ed to s cumulative frequency distribution. Each rank was then as- 
signed a Z score from a table of areas under a standard normal 
curve. 1 ' Each soon corresponds to the position of the subject's per 
cent predicted value in the cumulative frequency distribution; the 
mean score in each group was 0, with a variance of I. 

* The mean Z score (FEV,, FEF*v?s) for the first six yean was 
calculated far each child as the average of all yearly values over this 
period. Because a variable number of annual observations was 
available for each child, the children were stratified according to the 
number of observations that were available to calculate their an- 
year mean values. (The median number of measurements was three, 
and the range was one to six. Sixty-two subjects, or 10.2 per cent, 
Bad six measurements; only index subjects five to nine yean 
of age at intake could have had as many as six. Forty per cent of 
the subjects had four or more.) The six-year mean Z scores far 
FEV, and FEF*».» were rank-ordered separately within each stra¬ 
tum. For each King-function measurement, the ranks were grouped 
into the kr»esi 20 per cent, the middle 60 per cem, and the highest 
70 per cent of the ord ere d values. These group!np were then com¬ 
bined far all the strata. This procedure permits comparisons of 
mean values in children who had different numbers of examina¬ 
tions. 

To estimate the effect of parental smoking after comrollinj far the 
effects of the child's age, sex, sniual height, increase in height, and 
personal smoking status, we used a Markov-type autoregressive 
model (Rosner B, et a!.: unpublished data) similar to that proposed 
by Korn and Whiticmore” far a dichotomous outcome. 

Chi-square analyses were performed with programs designed far 
programmable calculators by Rothman and Boies.’ 3 


Results 

The study group consisted of 1156 white children 
from 40 4 families. At each examination; acceptable 
measurements of FEV, were obtained in more than 70 
per cent of the available children (Table l)u The chil¬ 
dren in whom measurements of lung function avert 
obtained were significantly more likely to be younger 
and female than those in whom such measurements 
avert not obtained (Table 1 ), However, the children 
avert comparable with regard to chronic respiratory 


symptoms, mothers’ education, mothers’ smoking his¬ 
tory, and type of home heating. In 75 per cent of the 
children in whom acceptable measurement* of lung 
function were obtained in any given year, two or more 
such measurements avert obtained over the first six 
examinations. 

The, p^ratag^tfcbM whp avert 

oittwmi^ ^fdther.th^tmtuii'or 

sixth^cxamihition, was hi|h^|£^^lKfidren- with 
tbc\k>we*t^^gc; Jev^^^^^r-the first six 
exstninsdons^fFig. l)..TSoKj«3m«rard>deerexsing 
frequencyrof matema! smoking witl^mcreasing mean 
level of FEV^over the six cxamimfon^waa, signify 
cant trends the 

lot^ FEVj. Similarly, analyses restricted to children 
who were cumulative “never smokers” at the sixth 
examination and to those with more than two pulmo¬ 
nary-function examinations gave results that avert 
identical to those shown in Figure 1 . No uniform 
trends avert observed in comparisons of the smoking 
habits of fathers and the mean level of FEV, or 
FEF 25 .T 5 over the first six examinations. 

The results of the autoregressive mode) relating 
change in FEV, over a one-year period to the mother’s 
and the child’s smoking status, after correcting for 
previous FEV,, age, height, and one-year growth in 
height, are given in Table which is 

based on data 


sme 
FEV* 
tbr 
FEVki 

percent. 

The effects, oTthe moth trVand v the child ^.smoking 
habits on tfie"change F£\rajTi^ cHi^appeated to 

de¬ 
tected between these effects. Furthermore, neither the 
main effect of the father’s smoking status nor the inter¬ 
action of the father’s and mother’s smoking habits 
contributed significantly to the prediction of change in 
FEV, in the child. 

The projected effects of the mother’s smoking status 
on the annual rate of change of FETV, in a male child. 
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Tab* 1 r M ed ia n Age and Apt Rang* of Study Population, Accord** to Sax, Number of Examinations, and Presence or Abaanoa of 

Lung-Function Measurements • 
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Figure 1. Ptrcantags of Children wtth Mothers Who Were Cunertl 
Cigarette Smokers at the Initial (large Dots) and Sixth (Small 
Dots) Examinations. According to the Distribution of Mean Age. 
Haight, and Sax-Conected FEV, over the Fast Stx Examinations. 
-Lowest 20%; "middle 60%; and "highest 20 %* rater to children 
with values in the bottom one fifth, middle three fifths, and upper 
one fifth, respectively; of the distribution of mean FEV,. Numbers 
in parentheses indicate the number of children in each group. The 
three drdes above the graph represent the average per cent 
predicted values of FEV, fpr the three groups. The results tor 
male and lemale children were combined, since thare was no 
significant difference between the sexes. 

based on the model, are given in Table 3. The model 
predicted thai over a two-year period, a nonsmoking 
mile child With a currently smoking mother would 
accrue a 488-ml increase in FEV,, as compared with a 
539-ml increase if the mother did not smoke- Over a 
five-year period, the child was predicted to accrue a 
1333-mi increase in FEV,, as compared with a 1436- 
ml increase if the mother did not smoke. If the child 
also smoked, then the accrued FEV, was predicted to 
be only 315 ml over two years and 993 ml over five 
years. Removal of the effect of maternal smoking from 
that of a child who smoked was predicted to mult in 
an increase of366 and 1094 ml of FEV, over twoand 
five years, respectively, as compared with expected 
increases of 539 and 1436 ml 

A similar analysis was carried out for FEF^ts, but 


Table 2. Regression Mode! Relating Change in FEV, over a One- 
Year. Period to Mother's and Child's Smoking Status, after Correc¬ 
tion lor Initial FEV„ Age, Sex, Height, and Change in Height* 
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461 fewer person-years of observation were available 
than for the FEV, analysis, because current stand¬ 
ards* permit the calculation of FEV| from a tracing 
that does not give a valid measurement of FEFjvrs- 
The effect of the mother’s smoking status on FEF^s 
was in the same direction as its effect on FEV,, but the 
difference was not statistically significant after correc¬ 
tion for the other variables in Table 2 (fi * tte 0.0366, 
P* 0.174). 

In a comparison of households in which the mother 
was or was not a current smoker, there was no signifi¬ 
cant difference (P ■ 0.173) in the percentage of moth¬ 
ers who had completed high school (used as a crude 
measure of socioeconomic sutus; 115 of 235, or 48.9 
per cent, vs. 76 of 135, or 56.3 per cent, respectively, 
on the basis of information obtained at the initial ex¬ 
amination). Furthermore, the use of gas stoves for 
cooking (used as a measure of potential indoor pnvi- 
ronmental confounding factors) was significantly 
more common in households with mothers who did 
not smoke than in those with mothers who did (28 of 
133, or 21.1 per cent, vs. 20 of 163* or 12.3 per cent; 
xl m 4.158, P * 0.041; for households present at the 
end of the seventh examination, the first year these 
data were obtained). 


Table 3. Effect of Child's and Mother's Cigarette-Smoking Habit 
on Expected Rats of Growth m FEV, over a Five-Year Period, 
Based on the Autoregressive Model.* 


CtfLBl 

MCTWll 

Semens iUn or G*o*r* m FI v, t«o 

IMMI 

Si i>mc f 


tmi 

«mi 



1 n 

1 r* 

S n 

Ho 

Ho 

262 

5)9 

14)6 

Yes 

Ho 

166 (64.1) 

366 (670) 

»0H 06 J) 

Ho 

Yes 

P4 (I9J) 

41 (90.5) 

13)5 (93.0) 

Ye» 

Yea 

M0 15 3.4) 

315 (56 4) 

993 (M2> 



fcrFEV|(i .») lMm).*r{tl yarn). Wt**" cm). m4 cWf< m (3 cm pm 
ffifurw m Marwr ft* fowuf at Mm m ike *r«*l m • wwla| WdU tt i 

mmrm O f mete . 


Discussion 

Passive exposure to parental cigarette smoking is * 
associated with an increase irftnorbidiry from respira¬ 
tory illness in young children;'* 4 '” Recently, several 
studies have sought to identify the direct effects of 
passive exposure to cigarette smoke on lung function 
in children. Pras-oecponal data on the present eo* 
bort 1 * 2 indicate that parental cigarette rooking, espe¬ 
cially piatemal smoking, is mssodatcdwiih lowered 
levels of lung function in children as young as five to 
nine years. Several other studies have tended to con¬ 
firm these observations. In a cross-sectional study of 
16,689 symptom-free children, Hasselblad and col¬ 
leagues 5 demonstrated that maternal cigarette smok¬ 
ing (number of packs smoked) was a significant pre¬ 
dictor of the level of FEV 0 7 s- Paternal smoking had 
little predictive value. A cross-sectional analysis of 
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4061 children in grade* one through *ix 4 also demon¬ 
strated an effect of parental dgareue smoking on the 
level of FEF^y*. As in our prior study , 1 these authors 
found no cfTea on FEVi or forced viul capacity. The 
greatest effect was observed in female children with 
mothers who smoked. Initially, Sparer et al. found no 
effect of parental smoking**; however, subsequent 
analysis* has shown that children of mothers who 
smoke have significantly lower levels of FEV| than do 
children with mothers who do not smoke. In a study of 
children examined on two occasions over an average of 
15 years, Higgins et all* pbserved that pulmonary 
function was related to parental smoking history. 
Studies of adults in an industrial setting * 5 and in 
households * 6 have shown that passive exposure to 
cigarette smoking has small effects on lung function; 
however, the health implications of some of these find¬ 
ings have been callfcd into question * 7 

Several investigators have failed to establish any 
relation between parental dgareue smoking and lung 
function in children. In a cross-sectional study of chil¬ 
dren, Schilling and colleagues** found no significant 
effect of passive smoking on the levels of and 

XL** (maximal flow when 50 and 75 per cent of the 
forced vital caps dry had been expired), although they 
did observe that the levels were lowest in girls with 
mothers who smoked. However, when their analysis 
was restricted to children who had never smoked, the 
levels ofV_ 30 were significantly reduced in children 
with mothers who smoked. Since these authors used 
XL** so and XL** »> which have a greater degree of 
variability than FEV,, their study population may 
have been too small to detect an effect in all groups of 
children .* 9 Nonetheless, these data are not dissimilar 
to those of Schenker et al . 4 Dodge 50 failed to find any 
effect of parental smoking on changes in lung function 
in children studied over a four-year period, but this 
investigation used relatively insensitive analytic tech¬ 
niques. Finally, Lebowitt et al . 31 observed that after 
correction of children’s lung function for the age and 
the body mass of their parents and for the children’s 
body mass, there was no correlation between 2 scores 
for lung fun coon in children and parents. However* ii 
is likely that this analysis was too insensitive to detect 
any effects of parental smoking, since the numbers 
were very small (the largest number of subjects in any 
group was 96). 

Our longitudinal study detected a significant effect 
of maternal dgarerte smoking on the change in a 
child’s FEV,, after controlling for the previous level of 
FEV|, age, sex, height, change in heigh;, and the 
child's personal cigarette-smoking habit. The data in 
Table 3, which suggest that after five years, the lungs 
of nonsmoking children with mothers who smoke grow 
at only 93 per cent of the rate of growth in non¬ 
smoking children with mothers who do not smoke, are 
certainly plausible in terms of the magnitude of the 
effect that one ought predict for an environmental pol¬ 
lutant such as cigarette smoke. The me of the effect is 
c on sis t e n t with that hypothesised to be sufficient as an 


underlying risk predictor for obstructive airways dis¬ 
ease in adult lift" Among the subjects in our analysis, 
socioeconomic status (assessed as maternal education) 
and exposure to gas cooking stoves did not appear to 
be responsible for the observed association between 
maternal smoking habit and rate of growth of Jung 
function. •* 

It is possible that the effect of maternal smoking — 
at least in the postnatal period —is indirect. For 
example, there is an increased occurrence of acute 
respiratory illness in the children of mothers who 
smoke, as compared with the children of mothers who 
do not. 14 " 25 Most of this effect has been observed dur¬ 
ing the first two years of life — a time when the lung 
may be particularly vulnerable to the long-term ad¬ 
verse consequences of such illnesses.* 5 - 54 Thus, the ob¬ 
served effects of maternal cigarette smoking may be 
the consequence of structural changes that result di¬ 
rectly from acute lower-respiratory illness early in 
childhood or indirectly from the long-term conse¬ 
quences of alterations in airway reactivity that may 
result from such illnesses. 54,55 

Our study also shows that smoking habits in chil¬ 
dren have a substantial negative effect on the rate of 
increase in FEV,. A similar negative effect was also 
observed in the analysis of FEF^y* (P « 0.058). 
These results reinforce the already existing body of 
cross-sectional data suggesting that even a relatively 
k>w level of direct tobacco exposure in children and 
adolescents has measurable effects on pultnonary func- 
tion. 56 " 55 

In summary, these data suggest that maternal 
smoking contributes torn reduction in the rate of devel¬ 
opment of lung function in children and, along with 
the child's own smoking habits, may be important in 
the development of chronic obstructive disease of the 
airways in adult life. 

Aidadxm: Since submission of this manuscript, *t have devel¬ 
oped an algorithm to compute the parameter a titrates given in 
Table 2, with adjustment for the imr* class correlation between chil¬ 
dren in the same households. The results of the analysis art essen¬ 
tially unchanged {mother’s amoving -0.0203, P * 0.03). The a); 
forithm is available from the authors upon request. 

We art indebted to Kay Mooradiaa and Mary Folsom, who ob¬ 
tained the data, and to Randy Whitfield and Vincent Carey, who 
provided the computer programming. 
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ABSTRACT. We investigated the effects of maternal cigarette smoking 
on pulmonary function in a cohort of children and adolescents 
observed prospectively for seven years. A multivariate analysis 
revealed that after correction for previous forced expiratory volume 
in one second (FEV1) , age, height, change in height, and cigarette 
smoking in the child or adolescent, maternal cigarette smoking 
significantly lowered the expected average annual increase in FEV1 
(P=0.015). On the basis of this analysis, it is estimated that if 
two children hawe the same initial FEV1, age, height, increase in 
height, and personal cigarette-smoking history, but the mother of 
one has smoked throughout the child's life whereas the mother of 
the other has not, the difference in the change in FEV1 over time 
in the exposed child, as compared with that in the unexposed child, 
will be approximately 28, 51, and 101 mi after one, two, and five 
years, respectively, or a reduction of 10.7, 9.5, and 7.0 percent, 
respectively, in the expected increase. These results suggest 
that passive exposure to maternal cigarette smoke may have important 
effects on the development of pulmonary function in children. 
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